Background: Acute kidney injury (AKI) is a common consequence of perinatal asphyxia, occurring in upto 56% of these neonates. It is important to recognize AKI in asphyxiated neonates to facilitate administration of appropriate fluids and electrolytes in order to improve their outcome. Objectives: To determine the incidence of AKI in asphyxiated neonates and to correlate the severity and type of AKI with Apgar score and severity of hypoxic ischemic encephalopathy (HIE). Methods: 75 neonates were enrolled -50 asphyxiated and 25 healthy neonates. Renal functions were assessed using urine output, urine microscopy, biochemical parameters and sonography. The values obtained were correlated with the severity of HIE. Neonates with AKI were managed as per unit protocol. Results: Of the 50 asphyxiated neonates, 32 (64%) had AKI: 25 (78.12 %) neonates with pre-renal AKI and the remaining 7 (21.88 %) with intrinsic AKI. Out of the 32 asphyxiated neonates with AKI, 12 (37.5%) had oliguric AKI, while the remaining 20 (62.5%) had non-oliguric AKI. Levels of blood urea and serum creatinine were significantly higher in asphyxiated neonates as compared to healthy controls (p<0.001). Biochemical derangements correlated well with the severity of HIE and Apgar scores. Serum sodium and creatinine clearance showed significantly different values in asphyxiated babies compared to controls. There was no significant difference in the urine ouput in the control and study group. Sonographic abnormalities were seen most often in oliguric babies, and indicated bad prognosis. Mortality was higher in babies with oliguric AKI. Conclusions: Perinatal asphyxia is an important cause of neonatal AKI. Majority of the babies had non-oliguric AKI and responded well to fluid challenge. Abnormalities in the renal function correlates well with the severity of HIE. Intrinsic AKI, oliguria, hyponatremia, reduced creatinine clearance and abnormal sonographic scan suggest bad prognosis in neonatal AKI secondary to perinatal asphyxia.
Introduction
Perinatal asphyxia is an eventuality having far reaching consequences in the neonatal period [1] . Thus, perinatal asphyxia remains a common problem in the neonatal nursery and is a significant cause of morbidity and death in the term and preterm neonate. The incidence of perinatal asphyxia is estimated to be between 1 and 10 per 1000 live births and is influenced by the birth weight and gestational age of the baby and also by the local availability of medical resources [2] . Asphyxia can lead to multiorgan dysfunction and a redistribution of cardiac output to maintain cerebral, cardiac, and adrenal perfusion while potentially compromising renal, gastrointestinal, and skin perfusion [3] [4] [5] [6] . Hypoxia and ischemia can cause damage to almost every tissue and organ in the body [7] . It is therefore not surprising that acute kidney injury (AKI) is common in asphyxiated neonates, occurring in upto 56% of these cases [8] . As kidneys are very sensitive to oxygen deprivation, renal insufficiency may occur within 24 hours of a hypoxic ischemic episode, which if prolonged may even lead to irreversible cortical necrosis [9] . Early recognition of AKI is important in neonates with hypoxic ischemic encephalopathy (HIE) to facilitate appropriate fluid and electrolyte management, as maintaining a stable biochemical mileau is vital in improving the outcomes in these babies. A major difficulty in diagnosing neonatal AKI is the lack of a consensus definition, largely because of dearth of specific measurable variables and biochemical markers. This study was performed to determine the incidence of renal failure in asphyxiated neonates and also to correlate the severity and type of AKI with Apgar score and HIE. It mainly emphasizes on early diagnosis of disturbed neonatal renal function and also on therapeutical aspects which may benefit asphyxiated neonates who are at high risk for developing AKI.
Materials and Methods
Source of Data 50 asphyxiated neonates and 25 apparently normal neonates who met the inclusion criteria were selected. It was a hospital based, prospective case control study conducted during the studty period October 2011 to December 2012. Institutional ethical committee approval was taken before starting the study. The inclusion and exclusion criteria of the study were:
A. Inclusion Criteria Neonates having abnormal renal functions 72 hrs after birth, had their laboratory parameters monitored every day till recovery or death. Arterial blood gas analysis, electrocardiograph and fractional excretion of sodium (FeNa) were done as and when required. Urine output was monitored by applying plastic collection bag (minicom) or by catheterization if required. Criteria adopted for defining AKI was oliguria (urine output <0.5ml/kg/hr) and/or serum creatinine level more than 2 SD above the mean value for that particular gestational age or rising creatinine levels (0.3mg/dl/day) [10] . Asphyxiated neonates who fulfilled the above criteria were diagnosed to have AKI and were given a fluid challenge of 20ml/kg with normal saline and monitored for urine output and clinical parameters. If urine output was still <1ml/kg/hr despite the fluid bolus, intravenous loop diuretic (frusemide) was administered. Neonates with urine output persistently <1ml/kg/hr despite the above treatment, were diagnosed to have intrinsic AKI. Peritoneal dialysis was planned if required. All neonates with AKI underwent ultrasound imaging of the kidneys to detect changes in size, echotexture and corticomedullary differentiation.
Statistical Analysis
Descriptive statistical analysis was used in the present study. Results obtained were expressed as mean ± standard deviation for continuous variables and as numbers (%) for categorical data. Student t test (two tailed, independent) was used to find the significance of study parameters on continuous scale between two groups. Chi-square/Fisher exact test was used to find the significance of study parameters on categorical scale between two or more groups. Student t test has been used to Among the 32 asphyxiated neonates with AKI, 62.5% (20/32) were non-oliguric, while the remaining 37.5% (12/32) were oliguric (Table 3) . Of the 50 asphyxiated neonates, proteinuria of 2+ or more was found in 20% (10/50) and microscopic hematuria was found in 14% (7/50) of cases. In the control group none of the babies had hematuria and while only 8% (2/25) had trace or 1+ proteinuria. Hematuria and proteinuria was significantly more in cases as compared to controls (p<0.001). Mean urine output in asphyxiated neonates was 1.15±0.19 ml/kg/hr, which was comparable to values of 1.43±0.11 ml/kg/hr in the control group (p>0.05) ( Table 5 ). Significant differences in the levels of urea, creatinine and creatinine clearance were observed in asphyxiated neonates with AKI as compared to asphyxiated neonates without AKI (p<0.001) ( Table 6 ).
A rising trend in concentration of blood urea and serum creatinine was observed as the HIE staging progressed and the difference was statistically significant (p<0.001) ( Table 7) . Similar correlations were observed when blood urea and serum creatinine values were categorized according to Apgar score at 5 minutes i.e higher values of urea and creatinine were seen in babies with lower Apgar score at 5 minutes. ) and this was statistically significant (p<0.001) ( Table 5 ). Values of serum potassium and serum chloride did not differ significantly between the study and control group (p>0.05) ( Table 5) . 24% (12/50) of asphyxiated neonates had features of decompensated shock and almost all of these babies (11/12-91.66%) had evidence of AKI. 63.63% (7/11) of neonates with shock had pre-renal AKI, while the remaining 36.37% (4/11) had intrinsic AKI.
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18.75% (6/32) of neonates with AKI succumbed to the illness. 
Discussion
Perinatal asphyxia is an insult to the fetus or the newborn due to lack of oxygen (hypoxia) and/or lack of perfusion (ischemia) of sufficient magnitude and duration to produce more than fleeting functional and/or biochemical changes to various organs in the body. As kidneys are very sensitive to oxygen deprivation, renal insufficiency may occur within 24 hours of a hypoxic ischemic episode which if prolonged, may even lead to irreversible cortical necrosis. Renal injury in perinatal asphyxia is a potential consequence of adaptive mechanism. Amongst the recognized complications i.e acute tubular necrosis, renal vein thrombosis and AKI, AKI is the commonest and carries a poor prognosis and may even result in permanent renal damage in upto 40% of survivors [9] . In the present study biochemical parameters suggestive of renal dysfunction, urine output and hemodynamic status of asphyxiated neonates were monitored and found significant differences in comparison with age and gender matched healthy control subjects. Since AKI occurs in nearly 56% of asphyxiated neonates, this topic is of considerable importance. It is very important to know that significant AKI can also occur in neonates who are non-oliguric. In the present study, as can be expected, 64% of the asphyxiated neonates had AKI of which most of them had prerenal AKI. The incidence of AKI was slightly higher than those reported previously [9, [11] [12] [13] . In the present study, the criteria which was used to diagnose AKI was oliguria (urine output < 0.5ml/kg/hr) or serum creatinine level of >2SD above the mean for the gestational age or rising creatinine values. This enabled early diagnosis of AKI, and timely intervention with fluid boluses in neonates with pre-renal AKI helped them to recover fast and prevented them from developing intrinsic AKI. This highlights the fact that in HIE, though kidney is the best oxygenated organ, it is most susceptible to hypoxicischemic injury because of redistribution of blood flow to other vital organs and the unique vascular supply of renal medulla resulting in transient loss of renal concentrating capacity.
In the present study, 62.5% of neonates with AKI were nonoliguric which was comparable to the results seen in earlier studies [9, 11, 12, 14] . Renal parenchymal injury in oliguric as well as non-oliguric renal failure is essentially similar but heterogenous response of individual nephron and variable damage to tubular epithelium results in anatomical damage in majority of nephrons leading to reduction in single nephron GFR and decreased tubular fluid flow. But if damage to tubular epithelium is less severe there occurs decrease in fractional reabsorption which exceeds the decrease in single nephron GFR, leading to polyuria in non-oliguric renal failure [9] . In the present study, 9% of the asphyxiated neonates had both proteinuria and hematuria. This was particularly seen in neonates with HIE stage II and III. Impaired tubular function in asphyxia leads to occurrence of significant tubular proteinuria and hematuria. Similar results were found in the study conducted by Gupta et al [9] . Mean levels of blood urea and serum creatinine were significantly higher in asphyxiated neonates compared to healthy controls. Levels of urea and creatinine were significantly higher as the severity of HIE progressed. Other studies too found similar correlations of biochemical parameters with the severity of HIE [9, 12, 13] . These abnormalities can be attributed to the obstruction of tubular lumen and back leak [15] .
Creatinine clearance was significantly decreased in asphyxiated neonates as compared to healthy controls.
Creatinine clearance values correlated well with the severity of HIE. There was only one study [12] in literature, which reported the creatinine clearance to be higher in asphyxiated neonates as compared to the present study. This was probably because neonates with severe asphyxia and those who died within 4 days of life were excluded in their study. Compared to creatinine clearance, serial monitoring of serum creatinine yields a better estimation of improvement/deterioration in renal functions. In the present study, asphyxiated neonates had significantly lower levels of serum sodium as compared to healthy controls. This result was comparable to the study conducted by Gupta et al [9] . Neonatal tubular function is immature at birth and hence the capacity of sodium reabsorption is limited and if the load of sodium reaching the distal convoluted tubule increases significantly, reabsorption does not occur proportionately and the excess sodium load is excreted in urine. Occurrence of SIADH secondary to perinatal asphyxia and partial resistance to aldosterone are the other factors contributing to hyponatremia. Furthermore, hyponatremia may lead to contraction of intravascular volume resulting in worsening of the renal function [16] . In the present study, most of the neonates with shock (91.60%) had AKI. Majority of these neonates (63.6%) responded to fluid boluses, which reiterates the fact that optimizing/expansion of the intravascular volume plays an important role in decreasing the incidence of AKI in asphyxiated neonates and also prevents the progression of prerenal AKI to intrinsic AKI. Sonographic abnormalities were found in all 7 neonates with intrinsic renal failure and all of them succumbed to the illness. Similar observation was found in the study conducted by Gupta et al [9] . Thus, sonographic abnormalities in renal size/echotexture indicates poor prognosis in asphyxiated neonates with AKI. 18.75% of neonates with AKI succumbed to the illness. Higher mortality rates were reported in earlier studies [13, 14] . In the present study, levels of serum creatinine used to diagnose AKI was lower than those used in previous studies [13, 14] , which enabled early intervention and lower mortality rates. 83.33% of neonates who succumbed had oliguric AKI. Similar mortality rates were reported in oliguric neonates in few studies [9, 13, 14] . Most of the neonates who succumbed had intrinsic AKI. Thus, early recognition of AKI and intervening when neonates have pre-renal AKI can help to decrease the mortality rates.
Conclusion
Perinatal asphyxia is an important cause of neonatal AKI.
Monitoring the blood levels of urea, creatinine and electrolytes helps in early diagnosis and management, thus improving the outcome. Adequate urine output does not necessarily mean that renal functions are intact. In asphyxiated neonates, correlation of biochemical parameters with the urine output is necessary to ensure that the kidneys are functioning optimally and most often than not, AKI is pre-renal and responds well to fluid challenge. Shock is an important predisposing factor and a clinical marker associated with AKI. Severity of HIE correlates well with the severity of renal dysfunction. Reduction in number of functional nephrons caused by asphyxia and leading to AKI evokes compensatory hypertrophy of residual nephrons, thus leading to improved renal functions in early months of life. But whether subtle defects may persist, can be said only after long term follow up and one must be cautious in prognosticating these neonates. In the present study, oliguria, intrinsic AKI, hyponatremia and abnormal renal sonographic scan were noted to be ominous signs predicting mortality.
